Objective: To study the effect of swimming exercise training on plasma irisin level and browning of white adipose tissue in rats models with obesity or type 2 diabetes mellitus (T2DM). Methods: 60 male rats were d ivided into 4 groups, I) Control group, II) Exercise trained group, III) Obese group: includes 2 subgroups; subgroup A received high-fat diet and subgroup B received high-fat diet associated with daily exercise training and IV) Type 2 diabetic group: includes 2 subgroups; subgroup A and B. Both subgroups have T2DM. Subgroup B, in addition, was associated with daily exercise training after induction of T2DM. Plas ma samples were analy zed for irisin, fasting insulin, fasting blood glucose and lipid pro file. Levels of uncoupling protein-1 in subcutaneous abdo minal ad ipose tissue ho mogenates (UCP-1 SAT) and uncoupling protein-1 in perinephric adipose t issue homogenates (UCP-1 PAT) were measured. Results: Subgroup IIIA had significantly higher irisin levels and significantly lower levels of UCP -1 SAT and UCP-1 PAT compared with group I. Subgroup IVA had significantly lo wer levels of irisin, UCP-1 SAT and UCP-1 PAT compared to controls. Chronic exercise significantly increased irisin, UCP-1 SAT, and UCP-1 PAT levels in group II, subgroup IIIB and subgroup IVB. Conclusion: Swimming exercise increases the plasma irisin level in normal, obese and type 2 diabetic rats inducing browning of white adipose tissue. Irisin is increased in obesity which may be attributed to a state of irisin resistance. T2DM is associated with lo wer p lasma irisin levels. Keywords  Irisin  Browning  Obesity  Type 2 diabetes mellitus  Chronic exercise Bull. of Egyp. Soc. Physiol. Sci. Tao L: Irisin improves fatty acid oxidation and glucose utilization in type 2 diabetes by regulating the AMPK signaling pathway. International Journal of Obesity 40, 443-451, 2016. 38) Huh JY, Dincer F, Mesfum E, Mantzoros CS: Irisin stimulates muscle growth-related genes and regulates adipocyte differentiation and Irisin in obesity and type 2 diabetes mellitus 65 metabolism in humans. Int. J. Li XJ, et al: Irisin is inversely associated with intrahepatic triglyceride contents in obese adults. J Hepatol 59: 557-562, 2013.
Introduction
Obesity is a main risk factor for the development of type 2 diabetes mellitus and cardiovascular disorders (1). Although obesity may induce insulin resistance and can predispose to high blood glucose level, T2DM also may develop in absence of obesity. Obesity has been found to contribute to approximately 55% of T2DM (2).
The adipose tissue pool is formed primarily of 2 different categories of lipids: white adipose tissue (WAT) and brown adipose tissue (BAT). White fat is the first place of energy reservoir and the secretion of adipocytokines that control body metabolism and insulin resistance (3). On the other hand, BAT has abundant mitochondria, also called power-houses of the cell, and uniquely expresses uncoupling protein-1 (UCP-1) also known as thermogenin. UCP-1 wastes the proton gradient of the inner membrane of mitochondria that is formed as an outcome of oxidative phosphorylation of food contents. This operation, which is called thermogenesis, produces heat in place of adenosine triphosphate (ATP) (4).
There are 2 developmentally distinct classes of brown adipocytes found in mammalians: the constitutive BAT (cBAT) that appears throughout embryogenesis; and the second type is the brite (brown in white) or "beige" adipose tissue that appears after birth in WAT or skeletal muscle, and has also been called recruitable BAT (rBAT) (5).
The developmental source of cBAT is different from white adipocytes and rBAT, as its origin close to skeletal muscle. On the other hand, the synthesis of rBAT occurs through 2 pathways: either transdifferentiation of mature white to brown adipose cells (and vice versa) (6), or through initiation of differentiation of brownadipogenic progenitors (7) .
In several animal models, mainly rodents, a "browning process" has been reported which represents the appearance of brown-like adipocytes in white adipose tissue depots because of specific stimuli as chronic cold exposure or beta-adrenergic activation and other pharmacological and nutritional factors (8) . The brown-like adipose cells which emerge in classical white adipose tissue depots have been known as "beige" adipocytes or recruitable brown adipocytes. These beige adipocytes express low levels of UCP1 compared with classic (constitutive) brown adipocytes however they are greatly inducible in case of suitable stimulation, which may, in these cells, switch on a strong plan of mitochondrial respiration and energy consumption like that of brown adipocytes (9).
Regular physical exercise has many benefits for fitness. Physical exercise increases muscular endurance and strength, consumes calories, and fights many diseases as obesity and type II diabetes. The effect of exercise is systemic and apparently can't be interpreted solely by consuming of calories in muscle (10) 


Experimental design
The studied animals were classified into four groups as shown in figure-1. 
Statistical analysis
Data in the present work were expressed in the form of mean ± standard deviation (SD).
Comparison of data was performed utilizing one way ANOVA test followed by Post Hoc
Bonferroni test. Correlations between variables were performed by Pearson's correlation coefficient. P value less than 0.05 was considered statistically significant. 
Results
Discussion
In the present study, obese rats of subgroup 86.71 0.000* 0.000* 0.000* 0.000* Data are presented as mean ±SD. G I (control), G II (control+ chronic exercise), SG IVA (type 2 diabetic) , SG IIIB (type 2 d iabetic + chronic exercise). FBW: final body weight. Co mparison of data was performed using one way ANOVA test. P1: co mpares G I and G II, P2: co mpares G I and SG IVA , P3 co mpares SG IVA and SG IVB, P4 co mpares SG IVB and G II * P valu e is s ignificant (P<0.05). Despite some controversy, it is generally believed that there is a positive correlation of circulating irisin with obesity, which is an apparent paradox with the proposed anti-obesity activity of irisin. A possible explanation which could reconcile the controversial data maybe that irisin acts as a physiological protective factor against obesity mediated by the browning of white adipose tissue and is therefore induced in compensation for increasing body mass. In cases of morbid obesity, physiological irisin can't preserve the balance between energy storage and consumption, and additional irisin is released from skeletal muscles, and even adipose tissues can produce irisin as compensation for dramatically increased fat storage (18, 19) . Another explanation for high plasma irisin level and lower levels of UCP-1 SAT and UCP-1 PAT in obese rats is the probability of developing a form of "irisin-resistance" which may in part explain the high levels of this hormone in obese rats similar to leptin and insulin resistance (23).
Table-3 Correlations between plasma irisin levels and the laboratory data
As regard the relation between irisin and type II diabetes mellitus, our study showed that irisin plasma level was lower in type II diabetic rats of subgroup IVA in comparison with control group. As regard the correlations between plasma irisin levels and plasma glucose levels , irisin showed significant negative correlations with plasma glucose levels in GII and SG IVB indicating that irisin can improve glucose tolerance and glucose uptake. This result is in agreement with Xin et al.
(37) who demonstrated that irisin improved translocation of glucose transporter type 4 (GLUT4) in diabetic skeletal muscles (37). In addition, irisin seems to increase expression of GLUT4 in human mature adipocytes. However, whether this increase is also accompanied with improved GLUT4 translocation to the cell membranes (similar to that noticed in muscles) or with improved uptake of glucose in adipose tissues 
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